Microwave-stimulated drug release from liposomes.
Microwaves (2450 MHz) are shown to stimulate the release of an aqueous chemotherapeutic drug from phospholipid vesicles. This effect occurs at temperatures below the membrane phase transition temperature of 41 degrees C where these liposomes are normally not leaky. In buffered saline, microwave exposure (60 mW/g) triggers the onset of drug release at 33 degrees C, whereas in plasma a near maximal release is observed as low as 27 degrees C. Significantly, this drug release is enhanced by oxygen and is attenuated by antioxidants. These results demonstrate that phospholipids in artificial membranes devoid of protein are influenced by nonionizing electromagnetic radiation, and that this interaction can be modulated by two physiologically important factors, plasma and oxygen. Such a permeability effect may provide a means for investigating microwave interactions with ordered membrane bilayers.